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Esrab;  1  sanest  cf  safe  carora  life  by  cbe  firing  cf  amcafeigo 
is  cqtoiTe,  parti  calarly  when  dctcrminlrs  risk  levels  associated 
witt  metal  fatigue  cf  a  critical  etmpcnent  such  as  a  carga  ta.be. 
Firing  a  simple  35SM  tarwltncr  tub*  to  its  fatigue  life  ffcr  s  price 
cf  ere  roiilica  dollars  is  considered  z  bargain.  Destrcttfsa  cf  a 
sufficient  csatber  cf  tches  by  fir  fop  to  achieve  a  statistically 
valid  reliability  thickly  becomes  prohibitive  even  vitfa  fall  coo- 
sid erotica  to  literal  issues  and  professional  ethics.  Ebplicatica 
f  firing  phenomenon  vSzh  attendant  extremes  in  temperatures ,  pres¬ 
sure,  and  energy  being  developed  in  minimal  cirt?  is  difficult  if 
not  is: possible.  Therefore  in  order  to  gain  a  better  enderstandlsg 
of  life  testing,  call  sine  specimen  experimentation  appeared  as  a 
logical  approach  for  generation  of  data  by  vhich  to  look  into  cbe 
theoretical,  statistical  agd  experimental  methods  nov  being  ex¬ 
plored  by  many  investigators. 

2,  OBJECTIVES 

The  inaediate  goals  of  this  study  are: 

a.  To  correlate  ammunition  firing  pressure  fatigue  effects  to 
hydraulic  pressure  cycling  fatigue  effects  using  thick  vailed  gun 
barrels. 

b.  To  determine  fatigue  life  performance  of  cannon  tube 
material  furnished  by  different  contractors,  produced  to  a  common 
specification  but  by  proprietary  processes. 
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^Hhe  lots  targe  goal  cf  s53s  stdy  *d  v?—*  •’^r—  ff~*rre  stdies  is 


to  derelcy  a  acre  sessltSre  material  test  that  g*-*-^-*  pcsariLt  attjx 
tioa  of  sate  fetj&isgs  by  life  erpectxnty. 

3-  ATssaxia 


2bzse  2  —  "t* 


~  cf  Test 


22e  7.62!W  Rflffle  ?£L4  was  selected  as  a  Jess  vehiile  becasse  cf 
lew  cost  ad  araiiabllity  cf  amarj-.fiH’.-r-)  aii  r££ie  barrels.  **—■-*• 
tie  fatigue  life  cf  a  stadari  ?2A  rifle  carrel  was  estimates  high 
ia  comparison  with  chat  cf  a  typical  cacaaa,  it  was  decided  to  *•>*«■* 
irwa  the  barrel  Jest  crer  tbe  crigin  cf  rifling  to  about  fear  to  sdbe 


inobes  down  fearral  ia  crier  to  precipitate  earlier  failure.  Saitial 
tests  were  run  vitb  barrels  necked  to  a  1.4  wall  rati©  (ratio  cf 
outside  diameter  to  inside  rifling  grccre  diameter).  A  rate  cf  fire 
of  six  (6)  rconis  per  minute  was  selectee  as  belts  reasonable.  E»es 
at  this  lew  rate,  barrel  beatieg  seriously  degrdd  life  (barrels 
turned  bine)  ad  a  decision  was  made  to  water  cool  rhe  remaining 
1.4,  1.6,  ad  1.8  wall  ratio  specimens  dnring  firing.  (See  Agptdi: 
A  for  information  ad  data  pertaining  to  this  phase  of  work). 


Phase  II  -  "Correlation  of  Bydraalic  Pressure  Cycled  i-<Fc  to 
Fired  Life"  - 


Use  following  decisions  were  cade  based  on  Phase  I  resalts: 
a.  Use  a  standard  proof  fired  H14  barrel  codified  to  a  1.8  vail 


raiio  in  the  vicinity  of  the  origin  of  rifling, 
b.  Fire  at  6  rounds  per  nlmite. 
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c.  etcl  n.ne 


frltlssl  barrel  arcs 


effeerr  cr  barrel  racier i-al. 

3-  r«  iCrrXrrf  ^  rLrle  arrnstldrr..  Ice  .TJfc  STO. 
e«  oNTcaillr  ric  xr  STI  *2  7  rrslcr  ^wr 

A  steir  cf  ciz  *1*  arl’Sc  '4arrel  arll^lrrcLlTTE*  tfHrcrjrs^ffcs  st? 
ttlis  5 Idap  srrrd  xsE  :Wrxrlfc  prerarr’'  ml-xr  gT^-.-ncir  are 
slews;  Lr  Appcallx  3-  Ir  ctrler  cr  icamii  ciic  rtlas&rssrt  L’j  :*ie- 
cssera  * «rlr$  xnl  3*r2s3iaILIi  rjrsrxsrr*  T^’Z.±~Z£m  Slave  larals  s':  artcLix 
were  srlerczd  »Isn'  cStrae  ra^I  icars-s  xz  eass't'  Ers«I«  The  Esnrl®  were 
sec  3«y  aaecria  e?  *lr£sx  (vhrwnrd  Irlrlrl  trmr?  f  rr  ■!*  pts^rsaseE  srr 
each  sr«dmra  3-«e-.  C7,  I'Ov,  2,XC#  cn£  4„".»?T  scvsiZr.,  $21 

sperlr*rs  were  gcbseflaracSn?  -'-rSstaallsallT  gswncri  rviieT  cr  i*5- 
crrrtfrr.  la  rr'rr  cr  car? Ira  ffxd&s*  life  preTIrted  N?  c'i*  x*rrs>e 
aerrlrre-I  cesdr*:*  cbr<r*  jcIildrcatS  barrels  ssrre  fired  cr 
desrascefra. 

gbzse  SO  -  "•'nrrzrlrgn  cf  fTgg  WzsxSzx  TctcrlaS 
gCrdrsed  for  Tbroc  Srrrsactrrs  %  dJ31 
5!ir»  1725*  rare  frrcfrj  thracch  es2  scrrircs  lr*fo*e  feres  esc'1' 
cf  ebree  scpplfers)  were  crqjiari  cr  scarce  Ir rjrlml Irau  a,S" 
dfzaeier  fezrs  ffrr  gsErrfzrtare  cf  7.€ITd*  size  Sxri.yre  speclrssas. 

Ibis  cest  scries  craslsced  cf  9  speafroers  cr  be  desrrrrsd  Nr 
pa.  Cydrariia  pressure  cr=3I=s  feo  iirfrd;  S  spsalaKas  fired  cr 
destscctira  {r»  ipfrrclfr  cyzllas),  aad  15  spec  mess  fired  cr 
specified  levels  fell awed  by  rjrrxuidc  cyrllrg  cr  destractlra. 
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ASElrgrrntl  r;«r--3rrx  wrse  ~Lcnns2  cs  cswcr  sunes^«rs*E  swcxrs. 


w-toagrsclEsg,  xxr*  c*  *r-rr-  rasa*  «f  1'*£sat ZZr  cy££sgm  y^tgEacx 
speaocsry,,  am  nurr**.  r  c**r»  star.,  «rr*  c2ir  swr  xr  wr?  «:2r5Iac  cs  Hesae 
aa»«fi  Ex  BSwws  22m  Sec  Ss^esLis  I  £rs  odl^c3  sf  a^ncExcr  sicLcr^ssr, 
acJ  eiJic  r?5acBc  227  suax  u^rr- 
*-  srrrr-r  xzrr  rr^^Trr^s 

^laaa*  5  -  "fra^llEiTharrS  ?’T  ~a*rt  ^r^lg^'raae*1' 

Tlic  ZslTTTstzZzz  alicwrc  Ex  Ji^pcaLlx  ifc  sTioss  die  fesxl'lHEry  x5 
sSw  *1%  s£52*  ami!  asaatEXEsr  s-reacr  Zrz  .  aft,  rUZasC,  S.rEx> 
s*2E*3  'i*rst2  *sr*&ur  Ji*^ixr-xr.. 

rhc  3«exa  x'laxi  m£i  frrxxrlur,  she  xxuxi  jpnsst*  an£  flxnE 
ffx^nxx  Ex  aasrrSCeneL'  aErllrr  z«  clone  wxrsCZv  cs^w-rEcrcriJ  Ex 
aiamtiEx  SacralT* 

21  -  "^rrrc-r-ct '  rr  ^VE-arlEr  ^rcaarra  ryJTcfi  IZi  g 
grs  ^Erefl  l£5e" 

3-rrx  c*  Efhe  irm  fcncaxasS  ffraa  cccxx  *s  che  ExIIokExj: 

5*33  Icratlx 


2,202  £a2c? 

1^202  T0*23  ®.4.~ 

2,202  12,313 


*» 


ATG  KT3 
CYCLES 


TEST 

LEVEL 

FIELD 

S5E2AELIC 

CKLES 

PEE  TEST 
LEVEL 

3 

2,C'S3 

2PCC'3 

2,  CCD 

10,482 

7,416 

5,546 

7,SS2 

3,C€-3 

2,973 

4 

3  ee©o 

7,C46 

6,373 

3,6 ffiO 

9,101 

4,660 

2,939 

5 

4,C«EO 

2,474 

2,666 

4,669 

2,587 

5,633 

0 

6 

6,203 

0  Avg 

6,144 

6,437 

0  Eds 

arc  shown  in  Appemdix  C  and  yields  a  relationship  fcetveen  hydraulic 
pressure  cycled  specimen  life  to  fired  spec  fata  life  of 
Y (cycles)  *  "  2.21  X(r£xjnds)  4-12,122 
or  2.21  hydraulic  cycles  are  equal  to  one  fired  round. 

It  should  he  noted  that  although  large  differences  arc  evident 
among  Individual  specimen  lives  at  any  one  level,  the  average  life 
at  each  level  closely  adheres  to  the  straight  line  relationship. 

The  fired  to  destruction  barrels  (test  level  6)  confirm  the 
validity  of  the  resultant  equations  pover  in  predicting  mean 
fatigue  or  catastrophic  failure. 

An  analysis  of  variance  vas  performed  on  the  six  (6)  levels, 
three  (3)  replicates  per  level  and  there  appears  to  be  no 
significant  difference  among  the  mean  equivalent  lives  at  each 


5 


level.  See  Appendix  D  for  details. 

A  reliability  life  determination  is  shovn  in  Appendix  E  along 
with  photographs  of  failed  JG.4  rifle  specimens. 

Aa  application  of  the  life  prediction  technique,  used  with  the 
M14,  to  standard  cannon  is  shown  in  Appendix  F.  The  concept  of  re¬ 
tiring  1000  or  more  safe  still  usable  tubes  to  prevent  a  single 
accident  as  a  result  of  metal  fatigue  has  in  recent  years  become 
an  acceptable  practice.  Additional  safeguards  are  also  provided 
as  a  result  of  other  rearons  for  condemnation  such  as  bore  wear 
(origin  or  mizzle),  rifling  damage,  rust  or  pitting,  transportation 
hazards,  enemy  action  etc. 

Phase  III  -  “Comparison  of  175MM  Tube  Forging  Material  Produced 
by  Three  Contractors  X,  Y,  Z." 

Data  generated  from  this  experiment  and  a  graphical  portrayal  of 
this  data  is  shown  in  Appendix  H. 

Comparing  M14  rifle  material  plot  to  175MM  gun  material  plot 
% 

shows  more  variation  in  M14  rifle  material  life.  This  may  be  attri¬ 
buted  to  the  fact  that  all  17SMM  specimens  were  manufactured  by  one 
machinist  on  common  m  chinery  while  the  M14  rifle  barrels  were  drawn 
from  stock  and  involve  a  variety  of  manufactures. 

In  both  the  M14  test  and  the  175MM  material  test,  hydraulic  pres¬ 
sure  cycling  was  performed  at  about  3000  FSI  less  than  the  average 
firing  pressure.  This  might  account  for  the  M14  2:1  hydraulic  cycles 
per  firing  cycle  but  then  it  does  not  account  for  the  1:1  relation¬ 
ship  shown  with  175MM  material  with  specimen  fired  beyond  the  500 


round  level.  See  Appendix  N  for  ammunition  calibration  information. 

The  17SMM  naterial  appears  to  be  very  seriously  affe-ted  by 
firing  damage  as  demonstrated  on  the  graph  with  the  pure  (unfired) 
hydraulically  pressure  cycled  specimens  versus  those  fired  to 
destruction.  Also  the  combination  fired/cycled  5  rd.,  50  rd.,  and 
10C  rd.  specimens  show  a  sizable  drop  in  life  as  compared  with  the 
unfired  specimens.  The  M14  material  did  nrt  exhibit  this  effect 
although  proof  of  one  round  may  promote  sufficient  firing  damage 
to  account  for  this  condition. 

In  order  to  perform  a  comparison  of  life  data  within  a  forging, 
among  forgings  from  a  particular  supplier,  and  among  forgings  from 
different  suppliers,  data  was  transformed  to  a  common  base  as  shown 
in  Appendix  I,  The  difference  among  forging  life  data  are  considered 
normal  and  acceptable  fatigue  behavior  irrespective  of  forging 
supplier.  Material  properties  and  quality  are  considered  to  be 
effectively  the  same.  Appendix  J  contains  life/reliability  infor¬ 
mation.  Appendix  K  shows  life  and  material  properties  data  and  plots 
while  Appendix  L  contains  photos  of  specimens  fired  to  destruction. 

Appendix  M  shows  information  on  a  field  failure  and  specimen 
test  results.  While  the  results  cover  a  wide  range,  from  1676 
rounds  through  7810  rounds,  the  three  out  of  four  low  life  values 
indicate  cause  for  concern  about  material  behavior. 

S.  CONCLUSION 

The  multi-level  testing  technique  and  7.62MM  bore  fatigue  spec¬ 
imens,  as  demonstrated  by  these  studies,  are  each  considered  useful 
tools  and  reasonable  (cost/effective)  methods  for  problem  exploration. 
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Typical  problems  for  possible  application  being: 

Swage  tube  vs  hydraulic  autofrettage  tube  life 

Rate  of  fire  effects 

Effects  of  pressure  levels 

Changes  in  chemistry 

Changes  in  heat  treat 

Changes  in  forging  practices 

Chrome  or  other  type  plating  effects 

Refractory  liners 

Cooling  effects 

Aging  and  rest  between  firing  effects 
Hydrogen  embrittlement 
Long  term  storage  chemical  effects 
Straightening 
Thermal  treatment  effects 
Dirt  size  and  ccunt 
6.  RECOMMEND AT  7 ON 

I  II  — — i — — i •  >0+C\  M 

Continued  funding  of  projects  using  specimens  of  the  type  em¬ 
ployed  In  this  study  in  order  to  promote  knowledge  for  production 
of  superior  cannon  tubes  and  safely  exploiting  maximum  life  from 
these  tubes. 
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APPENDIX  A 


(PHASE  I) 

ESTABLISHMENT  OF  TEST  TECHNIQUES 

NO.  PARE 

1.  Firing  Fixture  Used  for  Preliminary  Investigations  10 

2.  1.4  Wall  Ratio  Specimens  -  Air  Cooled  During  Firing  11 

3.  1.4  Wall  Ratio  Specimens  -  Water  Cooled  During  Firing  12 

4.  1.6  Wall  Ratio  Specimens  -  Water  Cooled  During  Firing  13 

5.  1.8  Wall  Ratio  Specimens  -  Water  Cooled  During  Firing  14 

6.  Graph  -  Wall  Ratio  vs  Fired  Life  15 

7.  Specimen  0 5  Heat  Check  Pattern  16 
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7.62®  Modified  MLU  Rifle  Barrels 
1*4  K'all  Ratio  Fatigue  Specimens 
Air  Cooled,  Rate  of  Fire  6  Rds/Hin 
Pt-ojecwxle  Travel  !<£>",  Ammunition  Lot  LC  13023 
Project  No,  Ii332-1,  Negative  No,  1 97-U-69 


*  « 


Specimen  #1 
Life  38?  rds 


Specimen  i '12 
Id  fe  6?  rds 


7. 621-25  Modified  HUj  Rifle  Barrels 
1*6  Wall  Ratio  Fatigue  Specimens 
Water  Cooled,  Rate  of  Fire  6  Rds/Min 
Prcjc-ctiV  Travel  l&i",  Ammunition  Lot  LC  13023 
Project  lb.  L332-1,  Negative  No.  197-1-69 


AJSESni  B 


(OH  23.| 

5S&EU3XE3  £7  EE&I3I3  e=st2 :s  £ 


S3.  33a? 

1.  !52*3l££ca£fc3  Sfcctc?!  ffer  3.6222s!  ’Si  less  Fptrfaram  23 

2.  fefple  Gen  Firing;  Test  £taot<3  S3 

3.  Ejdraalic  Frerssrari  Test  Scaoi  21* 
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Triple  (lun  Firing  Toot  Stand 
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APPENDIX  C 
(PEASE  II) 

CORREEATICN  OF  HKHAULIC  PRESSURE.  CTCLED  LIFE  TO  FIRED  LIFE 

NO.  PAGE 

1.  Graph  -  Hydraulic  Cycles  vs  Rounds  Fired  22 

2.  Graph  -  Avg  Hydraulic  Cycles  vs  Rounds  Fired  23 
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APPENDIX  C 
(PHASE  II) 

CORRELATION  OF  HYDRAULIC  PRESSURE  CYCLED  LIFE  TO  FIRED  LIFE 


NG. 

1.  Graph  -  Hydraulic  Cycles  vs  Rounds  Fired 

2.  Graph  -  Avg  Hydraulic  Cycles  vs  Rounds  Fired 
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APPENDIX  D 
(PHASE  II) 

CORRELATION  OF  HYDRAULIC  PRESSURE  CYCLE)  LIFE  *  FIRED  LIFE 


1.  Conversion  to  Equivalent  Rounds 

2.  Graphs  —  Average  Equivalent  Rounds  vs  Test  Level 

and  Frequency  vs  Equivalent  Rounds 


3.  Analysis  of  Variance 
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ANALYSIS  OF  VARIANCE  (ANOVA) 


0 


In  general,  there  are  three  ANOVA  classifications: 

(i)  FIXED  EFFECTS  -  YJhere  particular  levels  of  a  factor  are 
studied  and  the  result  is  a  comparison  of  mean  effects  of  THOSE 
particular  levels. 

(ii)  RANDOM  EFFECTS  -  Where  levels  of  each  factor  are  randomly 
chosen  from  a  large  finite  or  infinite  population  of  levels  and  the 
resulting  analysis  estimates  the  component  of  variance  contributed  by 
each  factor  to  the  total  variance  rather  than  the  main  effects  and 
interactions  at  particular  levels  of  each  factor. 

(iii)  MIXED 

The  combination  of  (i)  and  (ii)  resulting  in  a  more 
complicated  analyses. 

The  analysis  of  variance  technique  enables  uj  to  partition 
the  variance  of  the  measured  variable  into  portions  caused  by  the 
factors,  singly  or  in  combination,  and  an  experimental  error  component. 

ONE  FACTOR  ANALYSIS 

PURPOSE  ... 

To  compare  "L"  different  levels  of  a  single  factor  having 
"M"  replicates  (repeat  experiments)  per  level. 

ASSUMPTIONS  ... 

(i)  The  "M"  replications  for  any  level  represent  a  sample 
drawn  at  random  from  a  normal  population. 
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0 

(ii)  (a)  FIXED  EFFECTS 

The  "L"  levels  are  systematically  chosen  as  the 
important  (or  only)  levels  of  the  factor. 

(b)  RANDOM  EFFECTS 

The  "L"  levels  are  randomly  chosen  from  a  normal 
population  cf  levels  of  the  factor. 

ANALYSIS  ... 

Let  .... 

C\  S  Level  of  Significance 
L  S  Number  of  Levels 

M  ==  Number  of  Replicates 

N  s  (L)(M)=L  Sample  Size 

X.  S  Replication  t  of  Level  i 
it 

Then,  the  partitioning  of  the  total  sum  of  squares 
(S.S.)  of  deviations  from  the  mean  into  its  components  is  as  follows: 
Source  of  Variation: 


5.5. (AIONG)  =  L  ***/  “  l  ^^ct) 

~  77”  — 

. . .  associated  degrees  of  freedom  =  (L-1 ) 

Within  Levels 

5.5.  (WITHIN)  =  S.S. (TOTAL)  -  S.S.(AMDNG) 

...  associated  degrees  of  freedom  =(N-L) 


Total  Sum  of  Squares: 


S.S. (TOTAL)  «  N  Xff 


. . .  associated  degrees  of  freedom  =  (N-1 ) 


D-3  (Cont) 
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The  Mean  Squares  (variance  estimates)  are  formed  by 
dividing  the  Sum  of  Squares  by  their  associated  degrees  of  freedom. 

If  the  null  hypothesis  (H0)  of  no  difference  among 
levels  (equal  means)  is  true,  then  the  mean  squares  (M.S.),  among  and 
within,  are  independent  estimates  of  the  same  quantity  and  should  be 
approximately  equal  (except  for  Sampling  error)  with  a  ratio  (among 
M.S.  to  within  M.S.)  near  unity.  A  ratio  greater  than  or  equal  to  the 
tabled  value  for  (L-1 ,  N-L)  degrees  of  freedom  would  occur  in  random 
sampling  with  probability  oc  if  Hq  were  true.  Therefore,  we  would 
reject  the  null  hypothesis  and  say  there  is  a  difference  among  levels 
(ice.,  averages). 


If  an  F  -  ratio  loss  than  unity  is  calculated,  considera¬ 
tion  should  be  given  to  its  reciprocal  being  statistically  significant 
rather  than  accepting  Ho  immediately.  If  the  reciprocal  is  significant, 
possibly  the  postulated  model  is  inadequate  (Reference  2). 


ANOVA,  FIXED  EFFECTS,  LEVELS  6,  REPLICATES  3 


LEVEL 

1 

2  3 

1* 

5 

6 

-  EQUIVALENT 

5603 

i+6JU9  6731 

1*3  Ub 

5329 

5683 

ROUND 

701*6 

Bo6h  535U 

61 86 

5119 

6263 

REPLICATES 

3867 

6135  1*508 

7115 

5170 

6I187 

SOURCE  OF 

SUM  OF 

DEGREES  OF 

MEAN 

VARIATION 

SQUARES 

TREEDOM 

SQUARE 

Among 

1 ,93h,hh9 

5 

386,890 

Within 

13,106,290 

12 

1,092,190 

Total 

17 
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Resulting  F  ratio  is  ,3$b  which  is  less  than  the  table 
value  3.11  and  therefore  there  is  no  significant  difference  anohg  the 
mean  lives  of  the  six  (6)  levels  considered. 

Similarly  the  reciprocal  of  the  F  ratio,  1/F  is  2.82, 
which  is  less  than  the  table  value  of  ii.68,  arcl  the  model  can  be 
considered  adequate.  (Reference  3,  tables). 
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1 .  STATISTICS  MANUAL  by  E.  Crow,  F.  Davis,  M.  Maxfield,  Dover  Publication! 

2.  STATISTICS  IN  RESEARCH  by  B.  Ostle,  Iowa  State  University  Press 

3.  ENdNEHUNj  STATISTICS  by  A.  H.  Bovker  and  G.  J.  Liebeiman 
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(PHASE  II) 

CORRELATION  OF  HYDRAULIC  PRESSURE  CYCLED  LIFE  TO  FIRED  LIFE 
NO.  PAGE 

1.  Graph  -  Reliability  vs  Equivalent  Rounds  to  Failure  32 

2,  Photos  of  Failed  M14  Rifle  Specimens  33-36 
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COMPARISON  CF  FAILURE  BETWEEN  A  FIRED  TO  DESTRUCTION  SPECIMEN  AND  A  SPECIMEN 
HAVING  A  COMBINATION  OF  FIRING  AND  HYDRAULIC  CYCLING  TO  DESTRUCTION 
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APPENDIX  F 

APPLICATION  OF  MULTI-LEVEL  TESTING  TO  STANDARD  CANNON 

NO.  P».GE 

1.  Cannon  155MM  Howitzer  M1A1  Graph  - 

Hydraulic  Cycles  vs  Rounds  Fired  38 

2.  Cannon  155MM  Howitzer  M1A1  Graph  - 

Reliability  Predictions  39 

3.  Cannon  175MM  Guns  M113  &  M113A1  Graph  - 

Hydraulic  Cycles  vs  Rounds  Fired  AO 

4.  Cannon  175MM  Guns  M113  &  M113A1  Graph  - 

Reliability  Predictions  41 
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APPENDIX  G 


(PHASE  III) 

COMPARISON  OF  175HH  TUBE  rORGING  HATERIAL  PRODUCED 
BY  THREE  CONTRACTORS  X,  Y,  Z. 

NO. 

1.  Specinen  Selection  175MH  M113A1  Forging  Material 

2.  Phase  III  Test  Plan 
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7.62mm  LIFE  TEST 

USING  175mm  M113A1  CANNON  TUBE  FORGING  STEEL  FROM  THREE  SUPPLIERS  X,Y,2, 
l.'ITH  THREE  FORGINGS  FROM  EACH  SUPPLIER  AND  THREE  TO  FIVE  7.62mm  SPECIMENS 
FROM  EACH  FORGING. 
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PHASE  III 
TEST  PLAN 

FOR  7.62MM  SPECIMENS,  175m  TUBE  MATERIAL 


CATEGORY 

gTY 

TYPE  TEST 

PURE 

9 

HYDRAULIC  PRESSURE  CYCLED 

SPECIAL 

1 

5  RDS/ CYCLED 

4  COMBINATION 

1 

50  RDS/ CYCLED 

2 

100  RDS /CYCLED 

3 

500  RDS /CYCLED 

3 

2000  RDS /CYCLED 

15  COMBINATION 

3 

3000  RDS/ CYCLED 

3 

4000  RDS/ CYCLED 

3 

5000  RDS/CYCLED 

REAL 

9 

FIRED 

TOTAL 

37 

n- 2 
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APPENDIX  H 
(P5!ASE  III) 

COMPARISON  OF  175MM  TUBE  FORCING  MATERIAL  PRODUCED 
BY  THREE  CONTRACTORS  X,  Y,  Z. 

NO. 

1.  Original  Data  -  175MM  M113E1  Cannon  Tube  Material 

2.  Graph  ~  Hydraulic  Cycles  vs  Rounds  Fired 

175MM  M113F.1  Cannon  Tube  Material 
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APPENDIX  J 
(PHASE  III) 

COMPARISON  OF  175MM  TUBE  FORGING  MATERIAL  PRODUCED 
BY  THREE  CONTRACTORS  X,  Y,  Z. 


NO.  PACE 

1.  Life  Characteristic  Comparison  by  Material  Supplier  52 

(Using  Adjusted  Data) 

2.  Life  Characteristics  Comparison  by  Test  Method  53 

(Using  Adjusted  Lives) 

3.  Graph  -  Reliability  Prediction  54 

(Using  All  Adjusted  Data) 
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7.62MH  AMMUNITION  CALIBRATION 


Ammunition  Calibration 


PAGE 

69 


68 


AMMUNITION  CAL33HATIOII 


7.621-31  (Ml  h  Rifle  Mat'l)  Test 


Calibration 

Date 

Mean  Pressure 

Original 

8/67 

hk,30Q 

1st  Check 

11/70 

1:7,600 

2nd  Check 

2/71 

1:7,900 

7.621-31  (N113E1 

Cannon  1 

■iat'l)  Test 

Calibration 

Date 

Mean  Pressure 

Original 

10/68 

I»5,3C0 

1 st  Check 

11/70 

1:7,500 

2nd  Check 

2/71 

1:8,300 

Anno  Lot  V.TtA~2?731 


Std  Do1/. 

Mean  Velocity 

Std  Dev. 

1C00 

Hot  Avail. 

Not  Avail 

1300 

2701 

16 

1100 

271:0 

28 

Ammo  Lot  VjilA 

22896 

Std  Dev. 

Mean  Velocity 

Std  Dev. 

1000 

2751 

19.7 

160C 

2687 

28 

1200 

2731 

19 

MOTE:  Check  tests  were  performed  by  Frankford  Arsenal. 

Hyrlraulic  cycling  pressure  was  established  on  original  ammunition 
contractor  calibrations. 
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